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This thesis was written in a combination of traditional 
thesis and journal styles. The main body of the paper (review 
of literature, method, and results) conforms to American 
Psychological Association journalistic form. The Appendices 





THE EFFECTS OF EFFORT AND DAY 
OF EXPOSURE ON IMPRINTING1 
Abstract: Twenty-four pairs of newly-hatched Leghorn chicks 
were randomly divided into 3 groups. ~s in one group 
in another group followed for 30 min. on Day 2; ~s in the 
remaining group followed for 15 min. on Day 1 and 15 min. 
on Day 2. OneS in each pair followed by his own effort, 
while the other S rode behind the object in a transparent 
box. On Day 4, Ss were tested for duration of following of 
the object. No important differences among groups were ob-
served. On Day 6, ~s were tested for ability to discrim-
inate between the original and a novel object, and for 
following of the original. Active ~s scored significantly 
higher than passive ~s on all Day 6 tests: ~s trained on Day 
2 scored significantly higher on following than Ss trained 
on Day 1. ~he results suggest that the 'law of effort' 
(Hess, 1959) may apply more to discrimination than to recog-
nition of the imprinting object. 
1My special thanks to Dr. Kenneth L. Beauchamp for his 
advice and assistance, and to John B. Van Dyke for the 
drawings of the apparatus. 
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Hess (1958, 1959, 1959c) trained mallard ducklings to 
;-~ 
follow a decoy under various strenuous conditions such as ---
climbing hurdles, walking up sloping runways, and walking 
long distances. These ducklings performed significantly 
better than controls on tests of ability to discriminate 
~-------
:::::: =---=--===-=-=--== 
between the imprinting decoy and a novel one. Hess inter-
preted this better discrimination ability as indicating 
:------_,s_tr_ong_er__irnpr_int_ing_in_exp_er_im_en±a_l_an.imals_than_in_con±r_o_ls_. _____ i:-t:=-_=::':::==:: 
During the course of these studies, Hess noticed that 
"the strength of imprinting appeared to be dependent not on 
the duration of the imprinting period but on the effort 
exerted by the duckling in following the imprinting object." 
(Hess, 1959, p. 58.) 
Attempts to test the effects of the effort variable have 
typically involved making comparisons between performance of 
following Ss and Ss that were restrained during imprinting 
ses•ions~ However, B&teson (19~6) noted an importaht diffi-
culty with such an experiment. "I:rt none of the experiments 
• • • can the possibility be excluded that the [ .§_s J which 
expended more effort during training also received a greater 
amount o£ visual experience with the training object 11 
(Bateson, 1966, p. 189). The apparently better imprinting of 
active ~s may therefore be due more to better visual discrim-
ination learning than to greater expenditure of energy. As 
Bateson further commented, " ••• the evidence confounds the 
effects of (visual] experience with those of locomotion" 
(Bateson, 1966, p. 190). 
----------
If visual experience of the imprinting .object could be 
held constant for all Ss while varying the amount of energy 
spent in following, a more accurate test could be made. 
Thompson and Dubanoski (1964b) made such an attempt. They 
divided 42 Vantress chicks into three groups. Two experi-
ments were performed. In Experiment I, ~s in Group A were 
allowed to follow a moving model. ~s in Group B were con-
at a constant distance of one foot. ~s in Group C were 
exposed to a non-moving model. In Experiment II the move-
ments of Ss in Group A were recorded; then, their counter-
parts in Group B were moved in similar patterns while con-
fined in a plastic box. Ss in Group C were confined behind 
a plastic shield watching a non-moving model. 
~hompson and Dubanoski found that Ss in the A groups 
(active following) showed the strongest imprinting, as 
measured by time spent following the model on retest trials. 
Group B ~s imprinted, but weakly; and ~s in Groups c showed 
the weakest imprintin~ of all. Thompson and Dubanoski 
concluded that their results 11 ••• do not contradict the 
3 
position taken by Hess • • • chicks allowed to loG6mote 
freely after a moving object were superior to chidks trained 
under dOnditians designed to pres~rve the afferent or 
perceptual consequence of • • • locomotion without the 
eff®rent componentsii (Thompson & Dubanoski, 1964b, p. 217~218). 
Held and Hein (1963), in a study comparing visual 





an apparatus which could be adapted to an im~rinting experi-
ment. Kittens were trained in pa1rs on a circular track. 
A cylindrical wall in the center of the track prevented ~s 
from seeing one another. The active member of each pair 
was placed in a harness which left his legs free to mbve. 
His movements turned an axis on the other end of which the 
passive ~ rode in a gondola. As the active S provided his 
own locomotion, the passive .~. experienced an identical 
sequence of movement without himself locomoting. Active 
Ss later performed better than passive ~s on tests of visual 
discrimination, suggesting that self-induced movement faci-
litates speed and accuracy of visual perceptual learning. 
Baer and Gray (1960) conducted a study, the results of 
which seemed to contradict Hess' position. They allowed 
32 chicks to view guinea pigs during the critical period, 
but restrained them from following. On a subsequent test, 
these chicks showed significant preference for the familiar 
guinea pig. 
4 
The best follo~ing responses artd imprinting are typically 
observed during the first day after hatching. However, Baer 
and Gray found that their Ss that viewed the guinea pig for 
the first time during the second day of life performed best 
on the discrimination test. This finding called into 
question the traditional concept of imprinting as a simul-
taneous process of following and forming attachment to an 
object. 







mind. The first was to test Hess' observations about the 
effect of effort on imprinting by holding visual experience 
constant for all Ss while varying the amount of energy 
expended in £allowing an imprinting object. Active and 
passive Ss were trained simultaneously to reduce differences ~-
----:::::!--=--::-_-==---=-=----:__= 
in individual visual experience. The second purpose was to 
explore the effects of the exposure time variable discussed 
~-----'b~y Baer and Gray_( 1960) ·-~T_hi_s_w_a_s_dD_ne_by_t_e_s_t_ing_f_or:__ ________ 0:--~== 
interactions between the time of initial exposure to the 
imprinting object and activity or passivity in following. 
ME'rHOD 
Subjects 
Ss were 48 Leghorn chicks. Fertilized eggs were 
'" -----------·-· 
obtained in two groups of 30 from a hatchery and were kept 
in a darkened incubator until hatched. The chicks were 
then tr~nsferred ~o individual boxes where they were kept 
in near-darkness between training trials. Food and water 
were available at all times. The room in which the boxes 
were kept was warmed by an electric heater. Temperature 




The experiment followed a Completely Randomized 
Factorial CRF~322 design (Kirk, 1968). Treatment A, time 
of exposure to the moving object, had three levels: ---·--------
al := exposure on Day 1 (up to 24 hrs. after hatching); 
a2 = exposure on Day 2 (24 to 48 hrs. after hatching)~ 
a3 = exposure on both Day 1 and Day 2. Treatment B, the 
type of following allowed, had two levels: p
1 
= active 
1ollowing; b 2 = passive following. To simplify running the 
experiment, the entire procedure was done twice, each time 
with a squad of 24 chicks. A period of two weeks elapsed 
between the running of the two squads. Thus, there were two 
6 
levels of this squad treatment: c 1 =Squad I; c 2 = Squad II. 
There were 12 treatment combinations, with the 48 ~s randomly 
a fixed-effects model because all treatment levels of 
interest were included in the experiment. 
~s were paired at random after hatching. One S in 
each pair was assigned to the Active following condition, 
the other ~ to the Passive following condition. The yoked 
pairs wsre then randomly assigned to the Day 1, Day 2i and 
bays 1 and 2 conditions. In each of the Squads, ah extra 
pair was assigned to each Day condition. The scores from 
these extra pairs were used only wheh ~s from the original 
pairs died before testing was completed. 
AE.Earatus 
The apparatus (Fig. 1) featured a circular runway 
12 in. wide. The entire apparatus was 4 ft. in diameter. 
An outer wall of 12 in. high screen with 1 . ~ ~n. mesh 
allowed for observation during training. A 12 in. high inner 
wall was made of corrugated cardbo~rd painted gray. The 
floor, also painted gray, was of ~ in. plywood. 












over the center of the floor by two criss-cropsed lengths of 
1 in. strap iron. A 3 ft. axis of l/8 in. brass rod was 
attached to the motor. From the ends of the axis stimulus 
objects were suspended l~ in. over the floor of the track. 
The motor turned the axis at 0.5 RPM
7 
causing the stimulus 
objects to move at a speed of approx~mately 2 3/4 ft. per min. 
I 
Stimulus objects during initial exposure trials were 
t-vm-r-<reTI-ci-ca-r--r-ed----styrofoam barrs---2-i~in d-iameter. •r~.he 
;. 
novel object used in discrimination testing was a 2 in. blue 
styrofoam cube. 
A stationary 16~ in. shaft extended through the center 
of the floor. The shaft was threaded at each end and bolted 
to the floor. A washer was held in place by a nut 1~ in. 
from the top of the shaft. The shaft served as an axle for 
a collar welded to the center of a 3 ft. axis of 1/8 in. 
brass rod. The axis could revolve freely around the shaft, 
riding ort the washer • 
. suspended from one end of the freely•revolving axis 
was a clear plexiglas box in which the passive ~s rode. The 
box was 4 in. high, 2~ in. wide, and 2 3/4 in. deep. Air 
holes were drilled in the top. A cardboard wall 11 in. wide 
and 7 in. high was suspended from the other end of the axis. 
The axis was fastened to the motor driven stimulus object 
axis by copper wire, so that the motor propelled both axes 
at once. The plastic box and the cardboard wall moved at 






On Day 4 the axis with the plastic box and the cardboard 
wall was removed for the test of following. One of the red 
balls was also removed (Fig. 2). 
On Day 6 the inner wall and the shaft were removed for 
the test of discrimination. The blue cube was substituted 
for one of the red balls (Fig. 3). 
Illumination was provided by a 100-watt light bulb 
u 
" 
:-------~~m-o-u-n-t-e-d~i-n--------a-r-e-f-l-e-e-t:-e-r-s-tl-s-p-e-n-de-d~2-f-t-. -uv-e-:1~-t--h-e-a~ppa-r-a--e-tt-s:~.----------t~=: ·c=:c· =~ 
A curtain of gray cloth was hung around the entire apparatus. 
Holes cut in the curtain allowed the experimenter to observe 
without being seen by the ~s. 
It was originally intended that the apparatus would 
follow closely the plan used by Held and Hein (1963), 
whereby the movements of a harnessed active S would cause ... 
movement of the passive ~s. However, it soon became app~rent 
that no harn~ss could be contrived from which a day-old chick 
would hot extticate himself within several seconds. There-
fore, in order to retain the distinction between active and 
passive movement without sacrificing simultaneity of exposure, 
the active S was allowed to move freely. The moving card~ 
board wall prevented him from backtracking, and compelled him 
to maintain the proper pace. Fortunately, none of the 
active Ss ever ran forward past the stimulus object during 
initial exposure trials. 
Procedure 
( 
Ss were removed singly from their brooder boxes and 


















took place. They were placed in the apparatus to be trained 
in pairs. The active member of each pair was placed between 
the stimulus object and the moving backdrop so that he could 
move forward freely. On the other side of the apparatus, 
the passive member was placed in the plastic box, facing in B--==----=-=---
the same counterclockwise direction as the active s. As the 
motor propelled the stimulus objects around the track, the 
passive ~. rode along after the object nearest him.1~wh.i_Le~t_hls;e:____ ___ i:tto=·=:=:-:: 
active S was compelled to walk. Imprinting procedures took 
place on Day 1, Day 2, or Days 1 and 2. Specifically, the 
procedures were: 
Day 1: Between 12-24 hrs. after hatching, Ss in the 
Day 1 condition were placed in the apparatus. After 1 min.; 
the stimulus objects, the plastic box, and the moving 
.backdrop began to move .. They continued to move for 30 min. 
S~ in the Days 1 and 2 tonditi6n received the sam~ treatment 
for 15 min. on Day 1. 
Day 2: Between 24-48 hrs. after hatching, ~s in the 
bay 2 condition were placed in the apparatus. The pro~edure 
wa~ the same as for th~ Day 1 group, !s in the Days 1 and 
2 condition ~gain received th~ sa~e treatment for 15 min. 
on Day 2~ 
Day 4: Between 72-96 hrs. &fter hatching, ail !s wera 
placed singly into the runway, without the plastid box or the 
moving backdrop (Fig. 2). A lingle red stimulus Object was 
suspended over the floor. After 1 min. the object began to 
----- --------
13 
move, and continued to move for 10 min. 
Day 6: Between 120-144 hrs. after hatching, all Ss 
were placed singly in the circular apparatus from which 
the inside wall had been removed (Fig. 3). Stimulus 
objects were suspended motionless from either side of their ~----
common axis. One of the objects was a blue cube; the other 
was one of the red balls used on Days 1-4. ~s were placed 
6 in. from the mesh wall of the apparatus, midway bet_w_e_en_the·~~-~~---tt~·=== 
stimulus objects. Half the ~s were placed with the red ball 
to their right, half with it to their left. After the S 
had demonstrated a preference for one of the objects by 
movin~ to within 6 in. of it, or after 2 min. had elapsed, 
both objects began to move and continued to move for 10 min. 
Scor.ing 
On Day 4 when ~s were exposed singly to the original 
moving stimulus object, they were scored for the number of 
seconds out of 600 (10 min.) they spent following the object 
within a distance of 6 in. Follo~ing was defined as moving 
in th~ sama direction al the object, beside or behind it. 
!s we~e also scored for the percentage of time out of 600 
sec. spent following. 
On Day 6 when ~s were allowed to choose between the 
original stimulus object and a novel one, they were scored 
for latency of first choice, e.g., the number of seconds 
which elapsed before the s moved to within 6 in. of one of 




counting the number of ~s in each conditio~ that chose 
correctly, and the number that chose incorrectly within the 
2 min. time limit. Ss that made their choices after the 
objects had begun to move were counted separately. Ss that 
made no choice were not included in the count. After the 
choice was made, ~s were scored for the amount of time out 
of 600 sec. (10 min.) spent following the stimulus object 
RESULTS 
Alpha was set at .05 for all tests. 
Day 4 scores consisted of the number of seconds spent 
following the red ball during a 10 min. period. The raw 
time scores were transformed to percentages of the 10 min. 
period and the percentages were transformed with the Arcsin 
transformation to reduce homogeneity of variance. (See 
Table I, Appendix B.) Both the raw and transformed scores 
were subjected to analysis of variance for a CRF~322 design 
(Kirk, 1968). (See Tables xr~xrr, Appendix E.) Since th~ 
C or Squad tr~atment was significant ( o< = • 05) for beth 
sets Of scores, th~ null hypothesis that the populatiOn 
means are the same for all levels of c may be rejected. All 
other variables had no significant effect. 
nay 6 latency of choice scores w•re analyzed by the 
t-test for independent means (Bruning 1 1968). Four compari-
sons were made: between scores of active and passive ~s that 
chose the correct (red) object: between active and passive 
Ss that chose the incorrect (blue) object; between active 
~---
Ss that chose the correct object and active ~P that chose 
the incorrect object; and, between passive ~s that chose 
the correct object and passive Ss that chose the incorrect 
object. The 19 Ss that failed to make a choice within the 
allotted 2 min. were assigned no score, and were therefore 
not included in the analysis. 
If Hess• law is correct, it might be expected that the 
latency of correct choice would be significantly less for 
active than for passive ~s. This prediction was confirmed: 
t = 2.4239, df = 16, p<.025 for a one-tailed test. (See 
Table II, Appendix B.) 
There was no significant difference in latency scores 
between active and passive ~s that chose incorrectly: 
t - ·.012, df == 9. (See Table III; Appendix B.) 
The difference in latency scores between active Ss that 
chose correctly and active ~s that chose incorrectly did not 
reach the .o5 level of significance: t = 1.1253, af = 13, 
£<.25 for a one-..tailed test. (See Table IV, Appendix B.) 
There was no significant difference in latency scores 
between passive ~s that chose correctly and passive Ss that 
chose incorrectly: t = .688, df ~ 12. (See 'rable V, 
Appendix B.) 
These results support Hess' hypothesis. Active Ss 
were quicker in making the correct choice than passive ~s. 
Day 6 correctness of choice data were subjected to 
the Fisher Exact Test to test the hypothesis that the 
15 






probability of correct choice within 2 min. by an active ~ 
was greater than the probability of correct choice within 
2 min. by a passive ~· (See Table IX, Appendix D.) Accord-
ing to Fisher's Exact Test for 2 x 2 Tables (Bradley, 1968), 
the probability of correct choice by an active S (11 of the 
15 active Ss chose correctly) is significantly greater 
than the probability of correct choice by a passive~ (7 
probability of correct choice suggests that active ~s were 
more strongly imprinted than passive ~s, again lending 
support to Hess' hypothesis. 
If the day of initial exposure to the imprinting 
object had no effect on strength of imprinting, it would 
be expected that the proportion of ~s choosing correctly 
or incorrectly would be the same for Dayl, Day 2, and Days 
1 and 2 groups. Therefore, correctness of choice data 
were next subjected to the Chi-Square Test to test the 
hypoth~si§ that there was no significant difference among 
the day of exposure groups in frequency of correct or 
incorrect choice. In order to increase the expected 
freqUertcies in e~ch cell, the 19 Ss that made a choice after 
the 2 min. time limit were included in the count. (See 
Table X, Appendix D.) 
significant effect. 
Time of initial exposure had no 
Day 6 following scores represented the number of seconds 






during a: 10 min. period. Scores of Ss that .made the correct 
choice after the 2 min. time limit were included. Scores 
of the 11 Ss that chose incorrectly were deleted from the 
table. (See Table VI, Appendix B.) Elimination of those 
scores resulted in unequal, disproportional Ns. To simplify 
the analysis, the Squad or C treatment was not considered. 
The data were analyzed by a Least-Squares Analysis (Kirk, 
1968). Treatment A, time of exposure, had three levels: 
a 1 .=exposure on Day 1; a 2 = exposure on Day 2; a 3 = exposure 
on both Day 1 and Day 2. (See Table XIII, Appendix E.) 
Treatment B, type of following, had two levels: b 1 = active 
following; b 2 = passive following. 
Since the A Treatment was significant, p < .01, the 
17 
null hypothesis that the population means are the same for 
ali levels of A may also be rejected. The mean of a 1 (Day 1) 
wa$ 45.gl~ the mean of a 2 (Day ~) was 150~4: the mebn of a 3 
(bays 1 arid 2) was 112.08. (See Table VI; Appendix B.) 
Since Treatment B was also significant, p <.b5, the 
null hyp6thesil that the population meahs are tha same 
£or all level• bf B may be rej~cted. The ~ean of b1 (active) 
following was 118.72: the mean 6f b 2 (passive) was 81.13. 
(See Table VI, Appendix B.) £s in the b 1 condition followed 
significantly longer on Day 6 than Ss in the b 2 condition. 
Finally, there was a significant interaction between 
treatments A and B, E <.os. A graph of the interaction 
(Fig. 4) reveals that Ss in the passive Day 1 and 2 condition 
~-- ---
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had much lower following scores on Day 6 than. either active 
o~ passive Day iSs, or than active Day 1 and 2 Ss. An 
analysis of variance for simple effects confirms that this 
group was the source of the interaction. (See Table XIV, 
Appendix E.) Thus, the type of following and the day of 
exposure variables each contributed significantly to 
variance in the duration of following of the original 
imprinting object on Day 6. 
DISCUSSION 
If Hess' position is correct, it would be expected that 
actively following ~s would perform better than passive 
followers on all measures of imprinting strength. In the 
present experiment, this would mean that active ~s would 
follow longer than passive ~s on Day 4: that more active 
than passive Ss would discriminate correctly between the 
original and a novel object on Day 6: that active Ss would 
make the choice between original and novel objects faster 
than passive ~Si and, that actiVe es would follow the 
origin~l object longer on Day 6 than passive ~s. 
The results support only some of these predictions. 
There was no significant difference in following scores 
between active and passive groups on Day 4. (See ~ables 
Xl~XII, Appendix E.) However, on Day 6 all three of the 
tests support Hess. Active Ss that chose correctly did so 
significantly faster than passive ~s which chose correctly. 
(See Table II, Appendix B.) The correct choice was made 








passive Ss. (See Table IX, Appendix D.) Finally, active 
Ss followed the original object significantly longer on 
Day 6 than passive Ss. (See Table VI, Appendix B.) 
Baer and Gray asserted that better imprinting might 
result from exposure to a moving object on the second day 
of life than from exposure on the first day. Thus, it 





trained on Day 1. Again, only some of the results supported 
the prediction. There were no significant differences among 
the three day of exposure groups in duration of following 
on Day 4. (See Tables XI-XII, Appendix E.) The results of 
the Chi-Square test on Day 6 choice scores indicated that 
the greater probability of correct than incorrect choice was 
not affected by day of exposure. (See Table XII, Appendix 
D.) Hbwever, Ss in the Day 2 ekpo~Ure group did achieve 
significantly higher Day 6 foliowirtg scores than ss in the 
Day 1 exposure group. (See Fig • 4,; ) 
Baer and dtiy theorized that i~prirtting constitutes ah 
acquired ability to discriminate the original stimulus 
objedt. ft would then be expeat~d that ~s that had really 
learned the visual characteristics of the imprinting object 
would perform best on following te@ts. Active Ss did follow 
the red ball for longer periods on nay 6 than did passive 
fis,".whichwould indicate that active §_shad learned the 
discrimination better. (See Fig. 4.) Active ss also had 






significant difference between active and pas$ive Ss in 
correctness.of choice. (See Table II, Appendix B.) Active 
Ss chose faster and more correctly. 
There were several unexpected results. There was a 
great discrepancy between following scores on Day 4 and on 
Day 6. All groups followed more on Day 4 than on Day 6, 
but only the C or Squad treatment was significant on Day 4. 
of following and the day of exposure treatments were signi-
ficant, and there was an interaction between the two. (See 
Table XIII; Appendix E.) The group of passive Ss who were 
exposed to the imprinting object on both Day l and Day 2 
followed on Day 6 for a shorter time than active and 
passive Day 2 ~sand active Day 1 and 2 Ss. (See Fig. 4.) 
It was surprising that the Squad treatment contributed 
significantly to variance in Day 4 following scores. This 
treatment was used only for the convenience of the experi-
menter, as it was felt that training 48 newly-hatched 
chicks on the same days would be prohibitively hectic. 
Every attempt was made td insure that the experimental 
conditions would be just the same for each squad. However, 
the room in which the chickens were kept was next to a room 
where an •xpetiment involving redordings of intermittent 
21 
loud naises and bells was being conducted~ These sounds w•re 
clearly audible in th~ ohickensj r~om. The recordings wer~ 







first squad of chickens was being raised. Th~ noise may have 
kept the chickens from getting enough sleep, thereby 
worsening their performance. It is also possible that the 
two batches of eggs were not of identical quality, since 2 
weeks elapsed between the hatching of the two squads. 
As shown in Fig. 4, active Ss trained on Days 1 and 2 
followed significantly longer on Day 6 than passive Ss trained 
on Days 1 and 2. The active ~s trained on Day 1 or on Day 2 
did not follow longer than passive ~s trained on either Day 1 
or Day 2. These results indicate that the effects of effort 
may be greater when imprinting trials are spaced, as in the 
Day 1 and 2 condition, than when massed as in the Day 1 or 
Day 2 conditions. 
There are several possible explanations of the 
differences between Day 4 and Day 6 following scores. On 
Day 4 all Ss were tested, whereas on Day 6 ~s that had 
chosen the wrong object were eliminated from the data. 
Therefore; it might be argued that Day 6 scores represented 
a truer picture of th• differences among imprinted ~s, 
since some distortion in group scores attributable to 
inadequate imprinting had been removed. 
Another possible cause of the discrepancy could be 
that the physical setup of the apparatus was different 
during Day 4 tasting than durin; Day 6 testing. on Day 4, 
Ss were confronted with the runway and the original stimulus 
object. Only the plastic box and the moving cardboard 
wall were gone. Thus, the Day 4 testing environment was 
------------------




familiar to the Ss. On Day 6, however, the ~nner corrugated 
wall was gone, and the Ss were presented not only with the 
familiar red ball, but with an unfamiliar blue cube. Many 
~s, upon being placed in the apparatus on Day 6, spent 
many seconds (or, in some cases, minutes) crouching motion-
less. Such a posture could be a manifestation of fear. 
Clearly, fear would cut down on following. 
There is a third possible explanation of the differences 
between following scores on Day 4 and Day 6. The strength 
of imprinting is usually measured by tests of ability to 
recognize the imprinting object, or by tests of ability to 
discriminate between the original and a novel object. In the 
present study, recognition was tested on Day 4 and discrim-
ination was tested on Day 6. Only the Day 6 tests yielded 
differences between the performance of active and passive 
~s. 
H~ss (1959) based his asserti6ns on data gathered frofu 
tests of discrimination. It appears that support for Hess; 
position has come almost entirely from tests of discrim~ 
inatioh. (See Kovach, Fabricius; & Palt, 1966, in Appendix 
A.) When Collins (1965} and MoltZ; Rosenblum, and 
Stettner (1960) (Appendix A) tested recognition, they 
obtained resultl contradictory to Hess. Thompson and 
Bubanoski (1964b), u~ing a test of recognition, found evid~rtce 
of rather weak imprinting. 
Baer and Gray (1960) argued that Hess• focusing upon 








"'------- _:__ __ 
24 
discrimination learning which may take place ~fter the 
typical period for following is past. They proposed 
II a more general definition of imprinting: an acquired 
ability to discriminate the object to which the young animal 
has been sufficiently exposed at a critical age. 11 (See 
Baer & Gray, 1960, p. 174.) 
o;;; ____ _ 
=--==~=---
The results of the present study, indicating that 
effort spent in following facilitates discrimination 
learning over spaced trials, lend strong support to the 
position taken by Baer and Gray. 
u 
-------
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History of Imprinting Research 
~---
Birds tend to approach and follow a moving object 
soon after hatching. The birds then form strong and ~--
lasting attachments to such an object, preferring it to 
other objects encountered later. Some of the earliest ~ ------ - -
systematic observations of this phenomenon were recorded by 
Spalding (1873), who reared chicks in darkness to the age 
,-----c-f~t.R-~ee-Gta-y-s-.-Y-:F>e-R-e*:F>e-s-u-~e--t.e-l-i-E2}-R-~-t-fl-e-e-11-i-e-1~s------f'-e-l-1-e-we€li---------:~·~--~~= 
Spalding's moving hand. Spalding stated that this following 
behavior clearly could not have been acquired through 
previous experience. He also·noticed that chicks which were 
first exposed to light af~er the age of three days did not 
follow his hand, but avoided and seemed to fear it. 
Heinroth (1911) conducted a similar experiment. 
Newly-hatched goslings followed their human keeper, and 
preferred him to parent geese when offered a choice. Heinroth 
suggested that the young birds may have considered him their 
parent. 
Lorenz (1935, 1937a, 1937b) theorized that birds 
instinctively follow the first moving object they see. Since 
that object is usually a parent or sibling, the young bird, 
in following, develops an attachment to its own species. 
Lorenz (1937b) gave this phenomenon the name "imprinting," 
from the German word l?ragung or "stamping-in." 
Lorenz (1935) stressed that imprinting could not be 
considered a learning process in the usual sense for two 
reasons. First, the following response is not acquired 




over many trials, but appears immediately, p~ovided that the 
bird is exposed to the stimulus during a brief "critical" 
period early in life. Second, after this critical period is 
past, the characteristics of the imprinting object are not 
~--
forgotten. Preference for that object remains stable 
throughout the life of the bird. 
Lorenz' definitive statements about the properties 
~ 
:------·o-f----'t-he-iw,-pr-i-n4;;--i-R~~phenE>rrrenem~st-i:mu.-rated-mu-ch-ex:fre-r:tm-errt-crt-t-on·-.-----t·~~ ~-~~ 
Investigators have studied such aspects of the process as 
time limits of the critical period, optimal stimulus properties 
of the object (e.g., color, size, shape, speed of movement, 
etc.), strength of attachment to the imprinting object, and 
the effects of the imprinting experience upon later behavior. 
Jaynes (1957) found that Leghorn chicks exposed to a 
moving object within the first 8 hrs. of hatching all 
approached and followed the object. The tendency to 
approach dwindled to nothing among $s which were exposed to 
a moving object later than 24 hrs. after hatching. Hess 
(l959c) found 12-24 hrs. after hatching to be the optimal 
time for the approach response in chicks. Sluckin (1962) 
found that some chicks would approach a moving object 
upon first exposure as late as the eighth day of life. 
However, in general it might be stated that following is 
most likely to occur when the chick is first exposed to a 
moving object within approximately 24 hrs. of hatching. 
Studies of the optimal stimulus properties for 
imprinting have shown that birds will follow anything, from 
----·- -- --- ··--
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people and models of birds (Fabricius & Boyd,,l954) to 
flickering lights (Smith, 1960). In general, objects 
which move or appear to move are more effective than s·tatic 
objects (Lorenz, 1937). Stimuli large enough to be 
conspicuous to the human eye are more effective than smaller 
stimuli (Bateson, 1964e). After experimenting with a 
variety of possible imprinting objects, Fabricius and Boyd 
the size and shape of the objects made little difference to 
the intensity of the following response. The work of 
Jaynes (1956, 1957, 1958a,b) and of Salzen and Sluckin 
(1959a,b) support this conclusion. 
Schaeffer and Hess (1959) found that chicks approached 
green and blue stimulus objects equally often, but that 
28 
yellow objects were apprOached significantly less often than 
other colors. Hess (1959c) found that red and blue objects 
elicit~d following more readily thah did yeliow Obj~bts. 
Schaller and Emlen (1962) found ho significant difference 
ih intensity of following responses to different cOiors of 
objects. 
The best rate of speed for ah imprinting object is 
one which is fast enough to attract the bird's attention, 
but not so fast that the bird cannot; keep up with it. 
Schapiro (1970) suggested that th~ object should move at 
5/6 of a revolution par minute along a circular track of 
12.56 ft., with pauses at 4-6 sec. intervals. Hess (1959c) 





found that when the object moved at the rate of 3ft. per min., 
chicks under 24 hrs. of age could not keep up with it, while 
'-'---
~ 
older chicks could. 
~==== 
The two basic methods of gauging the strength of a 
bird•s attachment to an imprinting object are the test of ~-
recognition and the test of discrimination (Sluckin, 1965). 
The former tests whether trained ~s approach and follow the 
original imprinting object significantly_mnr_e_than_do_na_i~JPto-------'~~--== 
Ss. The latter tests whether trained Ss approach and follow 
the original imprinting object more than a novel object. 
Following responses are typically measured in terms of 
how far and for how long the S follows the imprinting 
object. Following is usually defined as the orientation of 
the S toward the object, movement in the same direction as 
the object, and maintenance of~ certain distance from the 
object (Connolly & Moray; 1964). 
The equipment for imprinting experiments usually con-
sists of some sort of enclosed track or runway traversed by 
a moving object. Jaynes (1956) and Salzen and Sluckin 
(1959a,b) u~ed straight tunways with the imprinting Objects 
suspended by wire~ from a cord over the floor. Hess (1957, 
1958 1 1959, 1959c) used a circular runway with a decoy 
suspended from a rotating arm. 
Schapiro (1970) suggested a prototype for imprinting 
equipment. This apparatus would have a circular runway 
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be of wire mesh rather than of plexiglas so tbat the ~ 
would not be distracted by his own reflection, but could 
still be observed by the experimenter. A moving arm would 
suspend the imprinting object. 
Theories of the Causes of Imprinting 
30 
Imprinting has traditionally been considered unique in 
that it is apparently an unlearned behavior. Lorenz (1935) 
t __ _ 
g __ 
~ --- -- --
c=-:-::-__::-= 
~~---~s=u~qgested that birds were genetically~e~n~d~o~w~e~d~wLi~t~h~ag__~-------~--~ 
"releasing mechanism" or predisposition to respond to 
certain stimuli. Imprinting could then be explained as a 
totally innate response. The end of the critical period 
and ·the onset of fear of unfamiliar objects could be 
brought about by endogenous changes. However, more recent 
evidence suggests that the end of the critical period 
coincides with the ability of the bird to discriminate 
between familiar and unfamiliar objects. Such evidence gives 
rise to the question of whether imprinting may involve learned 
behavior after all. 
Menner (1938) th~orized that during the critical 
period a bird has low anxiety coupled with high visual 
sensitivity to movement. During the imprinting experience; 
low-anxiety visceral and cardiac activities become classi-
cally conditioned to the moving object. The imprinting 
object thereby acquires properties which transform :Lt into 
a reinforcer for any action which brings the bird near it. 
When the bird later develops greater motor coordi~ation, 
it comes into contact with previously unobserved environmental 
~-------
stimuli. The bird then reacts with anxiety ~nd turns to the 
anxiety-reducing imprinting object. Thus, without recourse 
to the "innate releaser" hypothesis, the end of the critical 
period and the simultaneous onset of fear may be explained 
as the result of classical conditioning. 
Schneirla (1959, 1965) proposed a theory to describe 
the etiology of the following and searching behavior 
even during embryonic stages, the bird responds differently 
to high- and low-intensity stimuli. Low-intensity stimuli 
arouse the energy-conserving processes which underlie 
approach. High-intensity stimuli arouse the defensive 
processes which underlie withdrawal. Head-advancing move-
ments become associated with proprioceptive stimuli from the 
energy-conserving processes •. After hatching, the bird 
encounters certain visual stimuli which are quantitatively 
equivalent to the stimuii which had formerly aroused 
energy-conserving processes. It is assumed that th~ acti~ 
vation of these processes is reinforcing. These stimuli 
elicit head-advancing, which soon leads to approach and 
following responses. The bird then has an opportunity to 
learn the characteristics of the object which possesses the 
crucial visual Characteristics, and subsequently searches 
for that object in its absence. 
This theory is important for several reasons. First, 
it suggests that birds actively seek a certain class of 
31 
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objects toward which to direct their responses. Second, it 
implies that birds respond to "releasing stimuli" not by 
instinct but because of conditioning which took place prior 
to hatching. Finally, it suggests that following facilitates 
discrimination learning of the visual characteristics of the 
imprinting object. 
Research on the Effects of Effort 
Hess ( 1959) formulated the "law of----e-f:Eort" to descrilS-:;oe------2: 
the effects of effort on imprinting. The "law of effort" 
states that 11 • • • the strength of imprinting equals the 
logarithm of the effort expended by the animal to get to 
the imprinting object during the imprinting period, or 
I= log E." (See Hess, 1959, p. 57.) Hess' "law of effort" 
found support in a study by Kovach, Fabricius, and Falt (1966). 
They exposed 30 white Cornish chicks to a flickering light 
ih a darkened compart~ent. The chicks that had approached 
the light during training trials did better ·than non-approachers 
on appro&ch ~nd avoidance learning tasks involving discrimi-
nation of flickering lights. Thesa results suggest that the 
movement of approachers may haVe facilitated attachment 
to the light. 
Other researchers have found evidence contradictory to 
Hess. Collins (1965) exposed 90 chicks to a rotating 
model. Ss were divided into three groups. One groups was 
allowed to follow the moving model and to make contact with 




prevented by a moving plastic wall from touching the model. 
Ss in the third group were restrained in cages from which 
they could only watch the model. Collins found no signifi-
cant difference among groups in imprinting strength as 
measured by duration of following on retest trials. These 
results suggested that imprinting may not depend upon 
locomotion. 
no significant difference in imprinting strength, as 
measured by time spent following on retest trials, between 
a group of 24 ducklings that had followed actively during 
imprinting and their controls that had been restrained. 
Problem 
There were two conceptual hypotheses to be considered 
in this study. The first was that Ss that had to exert 
effort to follow a moving object during initial exposure 
would imprint more strongly to that object than would Ss 
that were not required to exert effort to follow. The 
second conceptual hypothesis was thctt both actively and 
non-actively following ~s that were exposed to a moving 
object on the first day of life would perform differently 
on subsequent tests of imprinting strength than would ~s 
that were exposed to the object on the second day of life, 
or on both the first and second days of life. 
The independent variables in the study were the type 
of following (active or passive), and the length of time 
after hatching when Ss were exposed to the stimulus object 
33 
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(12-24 hrs., 24-48 hrs., or both). The depe~dent variables 
were the performance of ~s on tests of imprinting strength. 
Specifically, these variables were a) the number of seconds 
spent following the original stimulus object during a 600 
sec. period on Day 4 of the experiment; b) the percentage 
of time spent following the original object during a 600 
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stimulus object on Day 6 of the experiment; d) the "correct-
ness" of the choice on Day 6; and e) the number of seconds 
spent following the object of first choice during a 600 
sec. period on Day 6. 
The first experimental hypothesis was that newly-
hatched Leghorn chicks that exerted effort in following a 
moving object during their initial encounter with it would 
perform significantly better on subsequent tests of following 
and diScrimination of the original object than would 
newly-hatched Leghorn chicks that followed an identical 
moving object through no effort of their own. 
The ~econd experimental hypothS§is was that there 
would be significant dirferences in performance on tests of 
following and of ability to discriminate the original 
object among groups of Leghorn Chicks that were exposed to 
the moving object on the first day after hatching, groupe 
that were exposed to the object on the second day after 
hatching, and groups ·that received half their ex:t::osure to 

























Raw scores = number of seconds out o£ 600 each S spent 
foilowing. 
Transformed scores = Arcsin transformation of percentage -. _._ --·--~~-----
of seconds out of 600 each s spent following. ....... 
A = rrype of foJ.lowing: al = active; a2 = passive 
B ""' Time of exposure: bl = Day 1 ~ b2 :=:; Day 2· b3 ~ Days l and 2 I 
c ::::: Squad: cl ... Squad 1· c2 = Squad 2 I 
TABLE II 
Day 6 Latency Scores: Correct 











L: 584 57 = 
112 X = 83.43 
N = 7 ,-c._ = 524 
X = 47.64 
N = ll 
Each score represents the number of seconds elapsed before 
an S made a choice. 
TABLE III 
Day 6 Latency Scores: Incorrect 







::: 283 7 l::l: 
x 83 1::: 70.75 
N = 4 L. = 493 
X = 70.43 
N = 7 
Each score represents the number of seconds elapsed before 











Day 6 Latency Scores: Correct and 







65 r 283 ~ = 
15 X = 70.75 
25 
N 4 57 = 
112 
z = 524 
x = 4 7. 64 
N = 11 
Each score represents the number of seconds elapsed before 
an S made a choice. 
TABLE V 
bay 6 Latency Scores: Correct and 









l: = 584 I.= 493 
x = 83.43 x = 70.43 
N = 7 N = 7 
Each score represents the number of seconds elapsed before 

















Day l 4 5 
117 58 § __ --
47 25 ~- -------------:=::-:::=---==------=== 
73 17 ----- ~ -L..n = 343 91 n = 162 57 B = 45.91 
n = 6 ll n :::: 5 2:: B :::: 505 
Da-y ? lQ_Q R5 r. tL--
170 22 ,_, 
81 324 -·- '-- ----·--
329 227 
'2::n = 846 35 ?n = 658 B :::: 150.4 
n = 6 n == 4 'EB = 1504 
Days l & 2 77 27 
53 6 
158 7 
121 126 -L.n 948 s· .. n 397 112.08 :::: 10 == l 71 B = ti ~-
n 6 79 n = 6 60 :f = 1345 ---- ----- --- "" B 
~----
~A ::::: 2137 -:;:· ·-A = 1217 
-A = 118.72 A = 81.13 
N :::: 18 N :::: 15 
Sc6r~s represent the number of seconds out of 600 each S 
..,;;.. 












Day 4 Following Scores: 
Raw Data -----
bl bl b2 








a,, -~~~4_,.__.,_4...__5~~~----'"'8_..,2__...9~~~~3_41. ___ _.4_9_1~~~~-? 1 0-6•-~~~~~-~;;~~~ 
:---~~~~~-x-
501 1196 577 866 3140 
485 576 309 735 2105 
LB1 4032 
~···· 
B2 3319 = 2:.,. = 




b1 b1 b2 b2 A 
~ 
c1 c2 c1 c2 
a1 3.2395 4.6620 2.6393 3. 7292 14.27 
a2 3.1830 6.2156 3.7787 5.0668 18.2441 
a3 3.2297 3.7223 2.3154 4.5545 13.8219 ~---· ---
~---
:?::. Bl = 24.2521 B2 ::::: 22.0839 
'$"' ... 
.... cl = 18.3856 c2 ::!; 27.9504 
A ""' Time of Exposure: a1 = Day 1• a2 ~ Day 2 • a3 "" Days 1 & 2 I , 
B :=! Type of Following: bl = Active; b2 = Passive 




Day 6 Following Scores: Summary Table 
n = 6 n = 6 
343 846 
n = 5 n = 4 
162 658 
10 ?_ n =11 
:[B = 505 1504 
= Type of Following: al 





n = 6 n = 18 
948 2137 




Active; a2 = Passive 
Day 1• b2 = Day 2. I I 
Days 1 & 2 
=------,---_---==----
~ - ------- ----
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Day 6 Choice Data: Fisher Exact Test Matrix 
Correct Incorrect Sum 
~ .... 
Active 11 4 15 
Passive 7 7 14 
~----= 
Sum 18 11 29 
Cells show the number of S~s~i~n~e~a~c~h~c~o~n~d~i~t~i~o~n~---------------~8=.··=·~~ 
that made the choice indicated. 
TABLE X 
Day 6 Choice Data: Chi-Square Matrix 
Correct Incorrect Sum 
Day 1 11 (10.5) 3 ( 3. 5) 14 
Day 2 10 (10.5) 4 ( 3. 5) 14 
Days 1 & 2 12 (12) .4 ( 4) 16 
Sum 33 11 44 
"'X' 2 =.19,£<.99 
--~ ---. --· --·--- --·-
Cells show the number of Ss in each condition that 
made the choice indicated. 
Numbers in parentheses represent expected frequencies 





TABLED ANALYSES OF VARIANCE 
47 
*E < • 05 
A = Type bf Following -·----~--~ 
B ~ Time of Exposure 
~·. 
.r-~=-=~=-.-c:_:-~:=..:----'-'---c::;:;c_~--~--0---~--~-~~-~-~-----~---c-.--
*E. < .025 
TABLE XIII 





4. W. Cell 

























Day 6 Following Scores: Analysis of Variance 
Table for Simple Effects 
Source ss df MS F 
1. A 57799.59 2 28899.79 15.83* 















B at a 1 
B at a 2 




*P < .oi 
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